Introduction
Substance use among women of reproductive age is a concern worldwide. Children of drug abusing parents are at increased risk for child abuse and neglect, witnessing intimate partner violence, disrupted continuity of primary caregiving, high parental stress, caregiver depression and other co-occurring mental health disorders (Brown and Hohman, 2006) . Further, children of drug using parents often lack basic needs and resources, and experience negative life events (Brown and Hohman, 2006) . In the United States, approximately 6.5% of all females over the age of 12 and 5% of pregnant women 15 to 44 years of age reported current illicit drug use (Substance Abuse and Mental Health Services Administration, 2012). Women account for a substantial subset of methamphetamine (MA) users; data from treatment centers in 2005 showed 46% of patients treated for amphetamine abuse were women (Substance Abuse and Mental Health Services Administration, 2008), increasing to 47.5% in 2011 (Substance Abuse and Mental Health Services Administration, 2013). Further, prevalence of MA abuse during pregnancy in women seeking treatment tripled from 1994 to 2006, rising to 24% of all pregnant women admitted to federally funded treatment centers (Terplan et al., 2009) .
MA is a central nervous system stimulant that increases the experience of pleasure by blocking the reuptake of dopamine. Initially, increased dopamine in the brain's reward centers leads to intense euphoria. However, chronic methamphetamine abuse often leads to paranoia, delusions, hallucinations, insomnia, and extreme weight loss. These effects are especially of concern since poor maternal nutrition and increased blood pressure lead to vasoconstriction and a restriction of nutrients and oxygen to the baby as well as fetal hypertension (Plessinger, 1998) .
Methamphetamine use during pregnancy has been associated with an increased incidence of cardiac defects, cleft lip, biliary atresia, stillbirth, cerebral hemorrhage, Mongolian spots, systolic murmur and undescended testes (Plessinger, 1998) as well as adverse somatic growth effects (Oro and Dixon, 1987; Little et al., 1988) . These initial reports were limited by reliance on hospital records, retrospective analysis, small sample size, and lack of adjustment for confounding factors.
Studies in the preclinical rat model have demonstrated a range of physical, motor, neurotransmitter and behavioral effects in MA exposed offspring. These include increased maternal and offspring mortality, retinal eye defects (Acuff- Smith et al., 1992 Smith et al., , 1996 Yamamoto et al., 1992) , cleft palate and rib malformations (Yamamoto et al., 1992) , decreased rate of physical growth (Acuff- Smith et al., 1996; Cho et al., 1991) , and delayed motor development (Acuff- Smith et al., 1996; Cho et al., 1991) . Neurotoxic effects of prenatal MA exposure on serotogenetic neurons produce neurochemical alternations in the CNS (Cabrera et al., 1993; Weissman and Caldecott-Hazard, 1995) thought to be associated with learning impairment (Acuff- Smith et al., 1996) , behavioral deficits (Weissman and Caldecott-Hazard, 1995) , increased motor activity (Acuff- Smith et al., 1992) and enhanced conditioned avoidance responses (Cho et al., 1991) .
Studies in the preclinical model also suggest that the timing of methamphetamine exposure during gestation influences outcome. Neonatal rats exposed to methamphetamines, consistent with third trimester exposure in humans, causes spatial learning and memory deficits as adults (Williams et al., 2003) . Rats exposed to methamphetamine in the second half of gestation and then re-exposed as adults, demonstrate poorer cognitive function than those exposed during the first half of gestation (Hrebíčková et al., 2014) . High dose, but not low dose, methamphetamine exposure consistent with the first half of human gestation has also been found to induce delays in behavioral development (McDonnell-Dowling et al., 2014) . NMDA receptors in the hippocampus are altered by methamphetamine suggesting a mechanism of action for the observed alterations in behavior (Šlamberová et al., 2014) . Further, epigenetic changes in the brain have been demonstrated following methamphetamine exposure in mice (Itzhak et al., 2014) . These epigenetic changes may account for the adverse effects observed in the future generations of offspring exposed to methamphetamine during development (Šlamberová et al., 2007) . Of critical importance, improvements in sensorimotor testing have been demonstrated by cross fostering exposed offspring to unexposed mothers, suggesting the postnatal environment is a critical factor for attenuating methamphetamine-induced changes in neural function (Pometlová et al., 2009 ).
Investigators in Sweden followed a group of 65 children exposed to amphetamines prenatally through age 15. They found that at birth, one year, four years, and ten years of age, exposed females were significantly lighter and shorter, whereas there was no significant difference between the exposed and unexposed males . By age 14, the exposed boys were significantly taller and heavier than the unexposed, and the girls were significantly shorter than the unexposed girls (Cernerud et al., 1996) . This same Swedish group reported neurodevelopmental findings in their amphetamine exposed cohort. They reported that exposed infants were more likely to be drowsy in the first few months of life (Billing et al., 1980) , and exhibit speech problems, signs of wariness of strangers, and emotional characteristics of autism by age one (Billing et al., 1980) . By age 4, exposed children had lower IQ scores than a normative group of Swedish children (Billing et al., 1988) . At age 8, prenatal exposure predicted problems with peers and aggressive behavior (Billing et al., 1994) , and by 14 years of age, prenatal exposure was associated with decreased school performance, particularly in math, language and physical fitness activities (Cernerud et al., 1996) . They did however lack a matched control group, utilize a small sample size, include other prenatal drug use, and rely upon self-report for exposure. Lower scores on neurocognitive tests (Chang et al., 2004) including attention, memory, spatial performance, IQ and executive function have also been reported (Lu et al., 2009; Sowell et al., 2010; Piper et al., 2011) . However, these reports utilized a small sample, and often did not control for the impact of attention deficit disorder medication, which enhances cognitive abilities.
The Infant Development, Environment, and Lifestyle (IDEAL) study took many of the previous study limitations into consideration and accounted for them in a multisite, longitudinal, prospective analysis of the effects of prenatal methamphetamine exposure on children. This article is a summary of the maternal and child outcomes published to date from the IDEAL study.
Review of methods
All published studies reporting maternal and child outcome data from the IDEAL study were included in this review. A brief summary of the Methods for the IDEAL study follows with references provided for more in-depth review.
Study design
Recruitment occurred over a 2-year period at four clinical sites (Los Angeles, CA; Des Moines, IA; Tulsa, OK; Honolulu, HI) with an elevated prevalence of MA use compared with other areas in the United States. The study was approved by the Institutional Review Boards at all participating sites, and informed consent was obtained from all participants. A federal Certificate of Confidentiality was obtained to ensure the confidentiality of maternal drug use and results of meconium drug testing, but any evidence of child abuse or neglect remained reportable.
34,833 mother-infant pairs were screened at the time of the infant's birth, of which 26,999 were available and screened for eligibility (Fig. 1) . After screening for eligibility, 17,961 (66.5%) were eligible for the study. Mothers were excluded if they were under 18 years of age, used opioids, lysergic acid diethylamide (LSD), phencyclidine (PCP) or cocaine only during pregnancy, displayed low cognitive functioning, were overtly psychotic or had a documented history of psychosis, or were non-English speaking. Additional maternal exclusion factors included incarceration or institutionalized, having a child previously enrolled in the study, or distance from study site was prohibitive for follow-up. Exclusion criteria for infants included critical illness and unlikely to survive, multiple births, major life threatening congenital anomaly or documented chromosomal abnormality associated with mental or neurological deficiency and overt clinical evidence of an intrauterine infection. Of these eligible subjects, 3705 (21%) mother-infant pairs consented to participate in the study.
Among the consented, only mothers with prenatal MA use (n = 204) and their matched unexposed comparisons (n = 208) were enrolled for longitudinal follow-up. All newborns with prenatal MA exposure, as identified by maternal self-report of MA use during this pregnancy and/or positive meconium toxicology were enrolled in the study. Of the 204 subjects in the MA group, eight subjects denied MA use but were identified as exposed by toxicology only; 196 subjects reported amphetamine use with 146 by self-report only (toxicology was negative) and 50 by self-report and positive toxicology. After the enrollment of an exposed child, the next unexposed child matching study criteria (race, birth weight category, maternal education, and type of insurance as a proxy for socioeconomic status) at the same recruitment site were enrolled as the control for the exposed child. Children born to women who denied MA use during pregnancy and had a negative meconium screen were considered unexposed. The study criterion for heavy use is based on the average frequency of MA use across pregnancy. Heavy use is defined as ≥3 days per week and some use is defined as b 3 days per week.
Meconium from the first and/or earliest discharge of meconium were collected on all neonates. The samples were processed centrally (United States Drug Testing Laboratory in Des Plaines, IL) for analysis of the amphetamine class, cocaine metabolites, cannabinoids, opioids and cotinine. The specimen was initially screened with a sensitive enzyme multiplied immunoassay test (EMIT II; Dade-Behring, Cupertino, CA). If positive results were obtained, the specific drug analyte or metabolite was confirmed by gas chromatography-mass spectrometry .
After informed consent was obtained, a maternal interview (the Recruitment Lifestyle Interview) was conducted to determine the presence or absence of licit and illicit prenatal drug use, information regarding the course of pregnancy, number of prenatal care visits and sociodemographic information Lester et al., 2002) . Education and occupation information was collected to calculate the 4-factor Hollingshead index of SES which has been adapted to single parent and non-nuclear families (Hollingshead, 1975; LaGasse et al., 1999) . For each drug used during pregnancy, a second interview, the Substance Use Inventory, assessed retrospectively the frequency and quantity of drug and alcohol use during four time periods: three months prior to pregnancy and during the first, second and third trimesters of pregnancy (Richardson et al., 1999; Shankaran et al., 2004; Della Grotta et al., 2010) . Interviewers were trained and certified in the administration of maternal interviews and utilized scripted introductions to ensure consistency between sites.
The longitudinal phase of this study in the United States included visits when the child was 1, 12, 24, 30, 36, 60, 66, 78, 84 , and 90 months of age with each visit maintaining a retention rate of over 70% (Fig. 2) . The longitudinal phase of this study in New Zealand included visits when the child was 1, 12, 24, 30 and 36 months of age with each visit maintaining a retention rate of over 88% (Fig. 3 ). An analysis of retention at each time point was completed with covariates examined for differences. The covariates included race, SES, insurance, partner status, maternal education, gender, prenatal exposures-alcohol, tobacco, marijuana and MA, maternal age, birth weight, birth length, birth head circumference and gestational age. At 1 and 12 months of age, the difference between included vs. not seen showed differences in alcohol use and low SES, respectively. No other differences were found.
The Brief Symptom Inventory (BSI), a 53-item questionnaire administered at ages 1, 12, and 36 months, yielded an overall score of caregiver psychological symptoms (Derogatis and Melisaratos, 1983) . Caregiver depression was assessed using the Beck Depression Inventory-II (BDI-II) at ages 1, 12, and 36 months. The inventory is a 21-item self-report instrument with a high reliability (Beck et al., 1996) .
The IDEAL study was also conducted in New Zealand to increase the sample size of the IDEAL study, increase the observable effects of prenatal MA exposure in a group with a higher frequency of use and with less variability in the purity of MA, and increase understanding of the role of cultural, childrearing, and out-of-home placement issues on the outcomes of MA exposed children. The addition of New Zealand also gave us the opportunity to study a society that take a less punitive approach to drug dependent mothers and determine how child welfare and child development is affected by different policies. In New Zealand, recruitment was conducted through referrals from maternity services at participating hospitals and through independent midwife practices. These referrals were screened prior to birth to determine if the mother met the study criteria. If the mother agreed, the study staff met with her to explain the study in detail and obtain written consent to participate. New Zealand study staff met with the mother again post-partum prior to discharge to review the study protocol, affirm consent, collect meconium from all infants and obtain substance use and lifestyle data consistent with the US protocol. In New Zealand, data on total eligible participants and enrollment rates were not available given the recruitment procedure used, with midwives only referring expectant mothers who had expressed interest in participating. A total of 223 mother-infant dyads in New Zealand were enrolled, with 108 PME participants and 115 NPME comparisons. The New Zealand study included visits when the child was 1, 12, 24, 30, and 36 months of age with each visit maintaining a retention rate of 88% or higher (Table 3) .
Findings
Results and findings are based on the IDEAL-United States only cohort unless otherwise stated.
Maternal sociodemographic characteristics & medical complications
Mothers in the MA group were older, gained more weight, received less prenatal care and began prenatal care at a later gestational age and were more likely to have greater parity and gravida than comparison mothers. Further, the MA group had a lower SES, were less likely to have a partner and were diagnosed with a psychiatric disorder/ emotional illness more frequently than mothers in the comparison group . Nearly 26% of MA exposed children had an adoptive parent as their primary caregiver ( Table 1 ). The cumulative average Hollingshead social position index was significantly lower in the MA group. The cumulative average Brief Symptom Inventory and Beck Depression Inventory totals were also lower in the MA group (Table 1) . Mothers using MA were more likely to be diagnosed with gonorrhea. There were no other differences between the groups regarding the incidence of maternal medical complications previously associated with MA use including hepatitis, active genital herpes, syphilis, diabetes, receiving treatment for UTI, chronic hypertension, preeclampsia, abruptio placentae, placenta previa, delivery via cesarean section or the incidence of hospitalization during pregnancy .
Maternal drug use patterns during pregnancy
Preliminary findings after the first year of the two year enrollment period were based on 1632 eligible mother-infant pairs who consented to participate in the study. Overall, 5.2% of enrollees used MA, 25% smoked tobacco, 22.8% drank alcohol, and 6% used marijuana prenatally . Further, of those enrolled in the longitudinal followup during the first year of enrollment (n = 131; 50 MA group, 81 comparison subjects), prenatal MA use was associated with increased substance use among friends and family, increased risk for ongoing legal issues, increased likelihood of developing a substance abuse disorder, and decreased maternal perceptions of quality of life (Derauf et al., 2007) .
An analysis of the full longitudinal sample (n = 412) found that MA use decreased over the course of pregnancy, but 29.3% of the women maintained a high frequency of MA use throughout gestation (Della Grotta et al., 2010) . There were no differences in sociodemographic characteristics among mothers who increased, decreased or used a constant low level of MA throughout pregnancy. Although both groups included individuals who had used alcohol, tobacco and marijuana during pregnancy, mothers in the MA group used all three drugs at a greater frequency.
The rates of use of MA, alcohol and tobacco during the pre-pregnancy period (3 months prior to pregnancy) and each trimester for the IDEAL-US and IDEAL-NZ cohorts are shown in Tables 2-7 . Mothers who self-reported heavy MA use pre-pregnancy daily or 3-6 days/week in both IDEAL United States and IDEAL New Zealand were found to report continued use throughout the pregnancy at a mean of~5 days a week, only decreasing to a mean of~2 days a week in the third trimester (Tables 2 & 5) . Mothers in the MA group in both the US and New Zealand cohort used alcohol and tobacco at significantly higher rates pre-pregnancy and continued the trend during each trimester of pregnancy (Tables 3, 4, 6 & 7) .
Mothers in the comparison group used more pain/sedation medication during pregnancy than those in the methamphetamine group. There was no difference in the administration of anesthetics, psychoactives, steroids, phenobarbital, tocolytics or antihypertensives between the groups during the pregnancy .
Meconium specimens were collected on all consented neonates (n = 3705). Of infants identified as MA exposed (n = 210), 71% were identified by maternal self-report only, 25.2% by positive self-report and meconium screen, and 3.8% by meconium screen only. Maternal self-report was more sensitive than meconium analysis for detecting prenatal amphetamines exposure. The low number of positive meconium screens is not unexpected. Meconium begins to form in the twelfth week of gestation and collects endogenous and exogenous waste from the second trimester. If drug used stopped in the first trimester, as was the case for many women, meconium results would be negative. Cannabis and cotinine were also examined by meconium screening and self-report. Two participants had insufficient meconium remaining for cannabis testing and 634 had lack of adequate specimen to be 2 cases classified as heavy users who abstained in the 1st trimester: case 1: 2nd trimester-3.5 days/wk; 3rd trimester-5.5 days/wk; case 2: 2nd trimester-7 days/wk; 3rd trimester-3.5 days/wk. evaluated for cotinine. Neonates who were cannabis exposed (n = 261) were identified by maternal self-report (69.7%), positive self-report and meconium (16.5%), and by meconium alone (13.8%). Similar to amphetamines, few meconium specimens screened or confirmed positive if use was in the first and/or second trimester. Cotinine exposure was identified in 1008 neonates with meconium and self-report (47.2%), selfreport alone (26.0%) and meconium alone (26.8%). This indicates that meconium testing and maternal self-report have equal sensitivity detection (Gray et al., 2009 ).
Newborn medical outcomes
There were no differences between the MA and comparison groups regarding the incidence of facial dysmorphism, skeletal or cardiac defects, or respiratory problems after birth . The incidence of admission to the NICU was higher in the exposed group and after adjusting for covariates, MA exposure remained significantly associated with poor suck and being less likely to be breastfed. There were no differences between the groups regarding central nervous system signs of drug withdrawal requiring pharmacological intervention, sweating or tachycardia. There was no difference in the incidence of abnormal head sonograms.
Maternal and neonatal outcomes comparison with New Zealand
New Zealand followed 107 children prenatally exposed to MA and 112 unexposed (Wu et al., 2013) with comorbidity of substance use disorders and other psychiatric disorders examined in a smaller subsample of participants who attended the one-month follow-up visit (New Zealand: 97 exposed, 110 unexposed; United States: 127 exposed, 193 unexposed) . Overall, MA-using mothers in both New Zealand and the United States were ten times more likely to have a substance use disorder and twice as likely to have a psychiatric disorder when compared to non-using mothers. Mothers in New Zealand were more likely to have comorbid disorders than the mothers in the United States.
MA-using mothers in both New Zealand and the United States were more likely to be single, waited longer for first prenatal care visit, had lower SES, had a CPS referral, and used alcohol and marijuana during pregnancy than the mothers who did not use MA. MA-using mothers in the United States had significantly less prenatal care than the mothers in the United States who did not use MA. Similarly, inadequate prenatal care was associated with increased CPS referral in the United States but not in New Zealand, and more CPS referrals were due to drug use in the United States than in New Zealand.
Childhood growth effects
Preliminary analysis of the IDEAL cohort after the first year of a two year recruitment period found the 84 MA-exposed infants were more likely to be small for gestational age (SGA) and have a lower birth weight than the 1534 eligible and consented unexposed infants with an analysis of the full sample continuing to demonstrate an increased risk for being born SGA in the MA group (Nguyen et al., 2010) . In this study, an initial set of 10 potential covariates [site, maternal age, mother's pre-pregnancy weight, SES, marital status, first born and use of drugs (yes vs. no) tobacco, alcohol, marijuana and cocaine] were used in multivariate models. Through a backward selection process using a p-value b = .10, extraneous variables were eliminated from the models. An analysis of the full longitudinal sample (n = 412) found that despite matching by birth weight categories and adjusting for confounding variables, infants in the MA-exposed group had smaller head circumferences, and were shorter than the comparison group at birth . To assess growth effects over time, growth parameters were analyzed for participants who attended the birth, 12, 24, and 36 month visits. Throughout the first three years of life, the exposed children remained significantly shorter than the unexposed children but were growing at roughly the same rate as the unexposed children (Zabaneh et al., 2012) . Because the MA exposed infants were more likely to be born ≤36 week gestation, the height trajectory for term-only infants was examined and the exposed remained lower through age 3. The impact of prenatal MA exposure on growth in the USA vs. New Zealand cohorts found a stronger negative effect on infant and child length/height in the USA (Abar et al., 2014) . Given the considerable differences in governmental and healthcare responses to maternal drug use across the countries, these findings suggest improved antenatal and postpartum provision for drug-using mothers in the USA is a potential way to prevent the decreased growth observed in the developing fetus and child.
Neurobehavioral outcomes
Preliminary analysis of 166 infants, found the 74 MA-exposed infants who were administered the NICU Network Neurobehavioral Scale (NNNS) within the first five days of life were more likely to exhibit increased physiological stress than the unexposed infants (Cohen's d = 0.20) (Smith et al., 2008) . Increased CNS stress was also associated with higher amphetamine metabolites in meconium. Heavy MA use, defined as average use of MA N =3 days per week across pregnancy, was significantly associated with decreased arousal (Cohen's d = 0.85) and increased physiological stress (Cohen's d = 0.29) and lethargy (Cohen's d = 0.52).
When the full sample was compared to a cohort of infants from New Zealand, all MA-exposed infants demonstrated poorer quality of movement, and increased physiological stress, total stress/abstinence, and CNS stress . Additionally, infants with heavy MA-exposure demonstrated lower arousal and less excitability when compared with unexposed infants. Similar to the partial United States sample, maternal MA use during the first trimester was associated with increased total stress/abstinence and also increased physiological stress. Third trimester use was associated with increased hypotonicity and increased lethargy. Only the MA-exposed infants in the New Zealand cohort had significantly increased hypotonicity, hypertonicity, nonoptimal reflexes and less total stress compared to the MA-exposed infants of the United States cohort . These findings from the United States and New Zealand increased the generalizability of the methamphetamine effects across various cultures.
Effects of maternal depression
Given the evidence of negative effects of prenatal depression on infants (Field et al., 2006; Alder et al., 2007; Hurley et al., 2008) , the IDEAL study also examined the neurobehavioral effect of maternal depression on MA-exposed infants. Although prenatal MA-exposure combined with maternal depression was not significantly associated with any neurobehavioral outcomes, regardless of exposure status, maternal depression was associated with decreased handling and arousal scores, increased physiological stress, and increased hypotonicity (Paz et al., 2009 ). The full sample set was analyzed at the one-month visit and MA use was associated with increased depressive symptoms and higher scores on the Beck Depression Inventory-II compared to the mothers who did not use MA during pregnancy . At the one-month visit, regardless of exposure status, maternal depression was associated with increased autonomic stress and poorer quality of movement. Although the specific neurobehavioral scores differed from the first five days of life to the one-month visit, it is clear that maternal depression impacts infant neurodevelopment.
Maternal MA use has also been associated with increased maternal depressive symptoms (Cohen's d = 0.41) and parenting stress (Cohen's d = 0.36) at 3 years of age when compared to mothers who did not use MA during pregnancy (Liles et al., 2012) . Similar to the maternal 1 of the 108 MA users in this study was identified as exposed by toxicology only.
Table 6
Frequency of self-reported tobacco use pre-pregnancy and by trimester of pregnancy-IDEAL New Zealand. ⁎⁎ Difference between MA users comparisons, p b 0.001.
depression findings regarding neurobehavioral outcomes, there were no significant differences between exposure and maternal depression in regards to perceived child behavior problems (Cohen's d = 0.15). Additionally, depressive symptoms and perceived child behavior problems were significant predictors of parenting stress.
Childhood behaviors
Internalizing and externalizing behaviors at age 3 years were analyzed in a sample of 290 (n = 142 exposed) children who attended both the one-year and three-year appointments. Although no group differences were found based on MA exposure, decreased internalizing and externalizing behaviors were found in children with easy temperaments compared to children with difficult temperaments . Easy and difficult temperaments were defined using the Infant Behavior Questionnaire at the one-year appointment. Additionally, children living in high environmental risk were more likely to display internalizing and externalizing behaviors than those children living in lower environmental risk.
Additional caregiver rated behavior problems were assessed at age 3 years and 5 years (n = 330). Prenatal MA exposure (n = 166) was associated with increased anxious/depressed problems and emotional reactivity at both age 3 and 5 years . Additionally, MA exposure was associated with increased externalizing behaviors and increased attention-deficit/hyperactivity disorder symptoms at age 5 years. When compared to caregiver ratings at age 3, exposed children at age 5 were rated to have significantly higher externalizing behaviors, and attention-deficit/hyperactivity disorder symptoms. Heavy MA exposure was also associated with increased attention problems and being withdrawn. No effects of MA exposure were found for internalizing behaviors.
At age 5.5 the Conners' Kiddie Continuous Performance Test, a computerized visual examination that analyzes performance measures associate with ADHD was administered to the children (Kiblawi et al., 2013) . Prenatal methamphetamine was associated with subtle differences in attention processing. The exposed children also had a higher ADHD confidence index score, suggesting a greater future risk for developing ADHD.
To further refine these clinically significant behavioral findings at age 5, the home environment and several primary caregiver risk factors were assessed (Twomey et al., 2013) . We found that the more responsive the home environments were to children's developmental and emotional needs, the less risk of internalizing and externalizing behavior was observed. Further, psychological symptoms and parenting stress experienced by the primary caregivers were associated with increased child behavioral problems. These primary caregiver and home environment findings were independent of methamphetamine exposure highlighting the importance of interventions that address both the child and parental or primary caregiver needs in order to optimize child outcome.
Motor, cognitive & language outcomes
At age three years, there were no effects of MA exposure on receptive and expressive language , gross motor skills, or mental development (defined as memory, early number concepts, problem solving, generalization and vocalization) . Heavy prenatal MA exposure was associated with decreased grasping scores at ages one and three years, however there were no differences in any other fine motor skills .
There are numerous possible etiologies for the poorer motor performance in the MA exposed children. Administration of MA to laboratory animals results in long lasting toxicity to the brain. MA administration to pregnant mice induces dopaminergic nerve terminal degeneration and long term motor deficits in the exposed offspring (Jeng et al., 2005) . Prenatal MA exposure in 3 week old rats (equivalent to approximately age 5 years) demonstrates impaired postural motor movements (Šlamberová et al., 2006) . These altered movements can be detected in the second generation of rats exposed to MA prenatally (Šlamberová et al., 2007) .
Our cognitive findings are consistent with the preclinical findings that MA exposure during development leads to spatial learning and reference memory deficits in rats (Vorhees et al., 2007) . Neuroimaging research has demonstrated volumetric reductions in the caudate nucleus in preschool children prenatally exposed to MA suggesting the caudate nucleus impacts cognitive control processes (Derauf et al., 2012b) . Further, decreased putamen, globus pallidus and hippocampus volumes in these children correlated with decreased performance on sustained attention and delayed verbal memory indicating these decreased volumes may contribute to poorer learning (Chang et al., 2004) .
Executive functioning
Children (n = 137 exposed) who completed the 66-month visit (n = 267), and had valid data on a directional Stroop-like task for school age children showed that heavy prenatal MA exposure was associated with reduced accuracy (incongruent, Cohen's d = 0.73 and mixed, Cohen's d = 0.55), signaling poorer inhibitory control (Derauf et al., 2012a) . Additionally, caregiver psychological distress and child protective services involvement due to physical and/or sexual abuse were associated with reduced accuracy.
The relationship between prenatal methamphetamine exposure, early childhood adversity and subsequent childhood neurodevelopment was assessed using an adversity index score over the first three years of life. Prenatal methamphetamine exposure was associated with behavioral and emotional control findings at age 5 which was then associated with deficits in executive function at age 6.5. The findings also demonstrated that the effects of MA on neurodevelopment (Abar et al., 2013) functioned primarily through early adversity. 
Limitations
There are potential limitations to the IDEAL study. A substantial proportion of women declined to participate at an early stage in the study and therefore, the findings may not be generalizable to all MA using pregnant women. It is possible that women who refused to participate would be likely to have more severe MA problems. Another potential limitation of the study is that the exposed group of subjects is primarily based on self-report and women may not have been able to recall the timing and amount of MA use during their pregnancy; however other research supports the use of the calendar method to overcome recall bias (Jacobson et al., 2002) . Additionally, despite matching on birth weight and using type of insurance as a proxy of for SES, newborns in the exposed group were more likely to be ≤ 36 weeks gestation and have a lower SES. The exposure to alcohol and tobacco was increased in the methamphetamine using mothers relative to comparison subjects though this is mitigated in part by multivariate statistical techniques.
Summary
We have reviewed the published findings of the IDEAL study regarding prenatal MA exposure and subsequent child outcome. To our knowledge the IDEAL study is the first prospective, longitudinal controlled investigation of prenatal methamphetamine exposure utilizing maternal self-report and objective meconium confirmation. The strengths of the study design allow for the use of multivariate statistical techniques to account for findings in the context of the common co-exposures of alcohol, tobacco and marijuana. Further, the findings are also presented in the context of the home environment as well as the characteristics of the primary caregivers to allow for assessment of how the drug exposure and the quality of parenting and home environment interact on overall child outcome.
Our findings that there were no differences in maternal complications or newborn health outcomes are reassuring and counter many previous reports with smaller sample sizes. Further, there was no neonatal abstinence syndrome requiring pharmacologic intervention observed, indicating that clinicians should investigate for opioid co-exposures when working with a methamphetamine-exposed neonate demonstrating significant withdrawal symptoms.
Though there were no significant malformations in the exposed children, somatic growth was significantly decreased in the methamphetamine exposed children. In addition to having an increased risk for being born SGA, height velocity remained lower by age three. Given these growth difference were in the cohort in the United States relative to enrollees in New Zealand, these findings have significant policy implications. The differences in governmental and healthcare responses to maternal drug use in New Zealand suggest efforts targeted at antenatal prevention as well as postpartum support for drug-using mothers could diminish the impaired growth observed in the exposed children. In contrast to the MA-using mothers in the United States who are often reported for suspected child endangerment, there is no legal mandate in New Zealand to report a pregnant woman who reveals substance use during her pregnancy. In fact, there has never been a case of child removal due to drug use in New Zealand.
Despite the lack of a neonatal abstinence syndrome requiring pharmacologic intervention, numerous findings from the IDEAL study were associated with heavy drug exposure. Increased stress responses in the neonatal period were linked to higher drug metabolite concentrations in meconium. The poorer fine motor scores at one year were also linked to heavy use. Further, poorer inhibitory control observed in the heavy methamphetamine exposed children places them at high risk for impaired executive function. Collectively these findings demonstrate the importance of providing rapid, comprehensive drug counseling services to women actively using methamphetamine during pregnancy in order to optimize the long-term neurodevelopment of the exposed child.
In addition to the importance of drug dosing, the home environment and caregiver stress significantly influenced child outcomes. Independent of methamphetamine exposure, children with more responsive home environments to developmental and emotional needs demonstrated lower risks for internalizing and externalizing behavior. Further, increased psychological symptoms and parenting stress in the primary caregivers were associated with increased child behavioral problems. These findings again highlight the importance of interventions that address both the child and parental or primary caregiver needs in order to optimize child outcome.
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